Objective: To demonstrate whether the regional recurrence (RR) of squamous cell carcinoma (SCC) of the nasal cavity is higher than previously suspected.
C
ANCER OF THE NASAL CAVity is difficult to study because of its low occurrence rate, its presentation in various subsites of the nose, and the existence of multiple tumor histopathologies. These cancers represent 0.5% of all malignant neoplasms, 3% of head and neck cancers, and 30% of all malignant neoplasms of the nose and paranasal sinuses. 1 Bhattacharyya 2 reviewed the Surveillance, Epidemiology, and End Results database and demonstrated that approximately 50% of all cancers of the nasal cavity are squamous cell carcinoma (SCC). This figure is consistent with other reports of the pathologic examination of this tumor. 1, [3] [4] [5] [6] Tumors such as adenocarcinoma, melanoma, and adenoid cystic carcinoma constitute the remaining 50% and, in many reviews of nasal cancer, all histopathologies are analyzed together. Treatment options for nasal cavity cancer include surgery, radiation therapy, or a combination of the two, and a recent large analysis 1 reported 5-year survival and local control rates of 40% and 59%, respectively. A historical lack of a unified staging system has hindered efforts to compare and contrast disease progression and treatment protocols for malignant neoplasms of the nasal cavity. Recently, cancer of the nasal cavity has been added to the American Joint Committee on Cancer staging system (released for use in January 2003 7 [ Table 1] ). Under the section for tumors of the paranasal sinuses, nasal cavity and ethmoid sinus tumors are classified separately. The nasal cavity is further divided into 4 subsites: septum, floor, lateral walls, and vestibule. The ethmoid sinus is divided into 2 subsites: right and left. To date, no reports have been published that use this new staging system.
In 2000, Fornelli et al 8 published a review of 32 patients with SCC of the nasal cavity and reported a 5-year disease-free survival of 42% and a 5-year overall survival of 50%. Primary treatment among their 32 patients included surgery (n = 15), external beam radiation (n = 9), and a combination of surgery with postoperative irradiation (n = 8). In that study, despite the fact that all patients presented without neck disease (stage N0), 13 of the 32 patients (41%) developed regional recurrence (RR) and most of the patients with RR (11 [85%] ) died of disease. Six patients in that study elected to undergo prophylactic irradiation (PI) of the cervical lymph nodes and never developed RR. In contrast, 50% of those who did not undergo elective treatment of the neck (13 patients) developed RR of their cancer. 8 This 50% RR described by Fornelli et al is higher than the typical 10% to 20% reported in the literature. Because of this discrepancy in rates of RR, the authors of this article set out to conduct a systematic review of the literature that would identify primary SCC of the nasal cavity and the reported RR of these tumors. This report presents the findings from a meta-analysis of the RR and survival for SCC of the nasal cavity.
METHODS
A systematic review of the literature was performed on November 18, 2005, in the following manner. First, the Ovid search engine was used to query the MEDLINE database. The terms nose.mp, squamous cell carcinoma.mp, and recurrence.mp were combined with AND searches, initially resulting in 79 articles. The titles and abstracts of the articles were carefully reviewed, and those that pertained to reconstruction, surgical technique, or general head and neck tumors were excluded. Case reports, reports on nonhuman studies, and non-English reports were also excluded.
Next, a similar search was performed using the PubMed search engine to query the MEDLINE database. The terms nasal cavity cancer and squamous cell carcinoma were applied, and the search initially produced 83 articles. The same exclusion criteria were applied.
The results from these 2 search strategies were combined to yield 44 unique papers that were then evaluated to identify studies that had measured the RR and the presence of lymph node metastases at presentation for patients with a diagnosis of SCC of the nasal cavity. References of the studies were reviewed for additional potentially relevant studies. Studies reporting data on nasal cancers other than SCC and studies reporting data on tumors outside the nasal cavity (eg, in the maxillary sinus) were also excluded, resulting in a total of 23 articles appropriate for this study. 5, Studies identified by the literature search were reviewed by a single reviewer (W.C.S.), and studies not excluded were reviewed for data extraction by 2 reviewers (W.C.S. and M.Y.C.).
The pooled RR was calculated as the weighted average of RR from the individual studies that met the inclusion criteria. In addition, the pooled 5-year survival rate was calculated as the weighted average of data from the studies that reported survival rates. The weight for each calculation was the number of patients in the original study.
For studies that reported separate RR for patients who did and did not receive PI, we calculated the odds ratio of RR with PI. The statistical significance of each odds ratio was tested with the Fisher exact procedure. 30 To estimate the relative risk of RR with PI, individual odds ratios were used in a meta-analysis conducted with the nonmodel-based Cochran-Mantel-Haenszel (CMH) and the modelbased logistic regression approaches. These 2 approaches are often used in meta-analyses that involve binary outcomes (eg, recurrence vs nonrecurrence) because the approaches estimate the pooled odds ratio and test the homogeneity of effect from the individual studies. 31 The logistic regression approach also allows inclusion of covariates in the model and does not restrict the sample size. In the CMH approach, the analysis created a 3-way contingency table stratified by study. The homogeneity of effect for the CMH approach was determined with the Breslow-Day test, and that for the logistic regression approach was determined with the Wald test. The FREQ procedure in SAS statistical software 32 was used to estimate the RR, odds ratios, 95% confidence intervals (CIs), Fisher exact procedure, and CMH procedure. The LOGISTIC procedure in SAS 32 was used for logistic regression. All statistical tests were 2-sided, with PϽ.05.
RESULTS
Our literature search identified 23 original studies 5, published between 1974 and 2002 that reported on the treatment of SCC of the nasal cavity. The mean age of the 927 patients in these studies was 63.1 years and 73.4% were male. The mean patient follow-up period was 4.4 years (range, 2-11 years) ( Table 2) . ). The weighted 5-year disease-free survival for the 9 studies 5, 8, 12, 13, [15] [16] [17] 19, 20 that reported this measure was 59.7% (95% CI, 58.2%-61.3%). The weighted 5-year overall survival for the 13 studies* that reported this outcome was 62.7% (95% CI, 61.9%-63.5%).
Patients in 7 of the 23 studies were treated with PI of the regional lymphatics, 5, 8, 11, 15, 17, 18, 25 but only 5 studies 5, 8, 15, 17, 18 reported data separately for patients who did and did not receive PI. The odds ratios from 4 of these 5 studies was less than 1.0, which suggests that PI reduced the risk of RR; none of the odds ratios in these individual studies, however, was statistically significant at the PϽ .05 level ( Table 3 ). The range of the odds ratios for these 5 studies was 0.08 (Fornelli et al 8 ) to 1.57 (Levendag and Pomp 17 ) . In 4 of the 5 studies analyzed, however, no patient who received PI developed RR. 5, 8, 15, 18 In the meta-analysis, both the CMH test and the logistic regression test were used to calculate a pooled odds ratio (Table 3 ). The CMH approach produced a pooled odds ratio of 0.18 (95% CI, 0.04-0.77; P=.009). The BreslowDay test for homogeneity of effect was not statistically significant (P=.08), suggesting that the results of the individual studies were homogeneous. Using the logistic regression approach, the pooled odds ratio was 0.16 (95% CI, 0.03-0.72; P=.02). The Wald test for homogeneity was statistically significant (P=.005), suggesting that the results of the individual studies were not homogeneous.
COMMENT
The management and natural history of SCC of the nasal cavity have been difficult to study. Its low incidence and the historic lack of a unified staging system have made it difficult to design studies to delineate its natural history, response to therapy, and risk of regional metastasis. To date, to our knowledge, no single study on SCC of the nasal cavity has analyzed a sufficient number of patients with tumors of like location and pathologic characteristics to definitively state a rate of RR. In this meta-*References 5, 8, 11-13, 17, 19-21, 24-26, 29 . Abbreviations: Initial LN, patients who presented with lymph node disease; PI, prophylactic irradiation; RR, regional recurrence; ellipses, not reported; ϩ/−, some necks were electively treated, but the data charted were only those of untreated necks.
a Study only reported the RR of patients in whom local control was obtained.
analysis of SCC of the nasal cavity, the herein-described statistical methods have determined an RR of 18.1%. In addition, from a subset of studies in which the RR of patients receiving PI was analyzed separately from the RR of patients not receiving PI, a pooled odds ratio was calculated that demonstrates that the use of PI reduces the risk of RR for SCC of the nasal cavity (Table 3) . Over the years, several studies have focused on tumors of specific sites such as the nasal vestibule, nasal septum, and maxillary sinus. † The statistical analysis of these smaller studies has been limited because of the small population size. In contrast, few studies have focused on the nasal cavity in its entirety. Combining the intranasal sites (and excluding the paranasal sinus sites) allows the combination of a large pool of data for statistical analysis. The authors of this report argue that combining the analysis of tumors labeled as nasal vestibule and nasal cavity is valid because of the common lymphatic drainage of tumors in these 2 overlapping regions. The lymphatic drainage of the nasal cavity has been well documented. Drainage from the anterior subsites, including the nasal vestibule, occurs by way of lymphatic channels traveling to the facial, anterior parotid, or submandibular nodes. More posterior regions of the nasal cavity typically drain anteriorly to a plexus in front of the torus tubarius, posteriorly to the retropharyngeal nodes, and inferiorly to the posterior and superior deep cervical nodes. 36, 37 In addition to establishing a weighted RR of 18.1% from 23 studies, this meta-analysis demonstrated that PI may reduce the risk of RR in SCC of the nasal cavity. According to the results of the 5 studies that reported RR by PI status, 5, 8, 15, 17, 18 PI of the regional lymphatics significantly reduced RR. The statistical methods associated with pooling data from individual studies increase the precision of estimates of individual studies by effectively increasing the sample size. All of the studies were considered to be of equal value, including those yielding estimates that were outliers. Estimates of the effect (ie, odds ratios) of PI of the neck on RR using the 2 analytic approaches were similar: 0.18 from the CMH approach and 0.16 from the logistic regression approach. This finding strengthens support for the contention that PI of the neck is an effective method for reducing RR of SCC of the nasal cavity. Again, in 4 of the 5 studies analyzed in this manner, no patient who received PI developed RR. 5, 8, 15, 18 The results from these 5 studies may have been somewhat different because the homogeneity tests of the 2 approaches produced slightly different results. Indeed, the study by Levendag and Pomp 17 had an odds ratio that was greater than 1.0, whereas the odds ratios from the other 4 studies were less than 1.0. However, the 95% CI for the odds ratio from the study by Levendag and Pomp was quite wide and the lower confidence limit was 0.21, close to the estimate of effect from the other 4 studies.
Management of the clinically negative neck (N0) in SCC of the head and neck remains a controversial topic. Tumors in regions such as the supraglottis are accepted to have a high rate of regional metastasis, and N0 necks in patients with these tumors are treated prophylactically with either neck dissection or irradiation. 38 In general, most of the literature concerning head and neck cancer supports elective treatment of the N0 neck when the probability of occult lymph node metastasis is greater than 20%. 38, 39 In the present meta-analysis of SCC of the nasal cavity excluding the paranasal sinuses, the risk of RR was 18.1%. Although this finding falls short of the 20% threshold suggested for the prophylactic (or elective) treatment of the regional lymphatics, it is the authors' contention that the decision to treat the neck is dependent on several factors. Certain tumor characteristics such as perineural spread, lymphovascular invasion, T-stage, and size may make certain tumors "high-risk."
Although few patients with nasal cancer present with regional disease (approximately5%), patients who present with lymph node metastasis have poor survival. 2, 12 One study has demonstrated that this metastatic progression can occur in a delayed fashion. 40 Salvage after RR, however, is variably reported. While some argue that such disease is predictably salvageable, 9, 15, 16, 41 others suggest that these patients have significantly diminished survival. 1, 14, 28, [42] [43] [44] The 18.1% RR suggested by the present study may be clinically significant. Therefore, we recommend that patients with intranasal SCCs with additional high-risk characteristics be considered for prophylactic treatment of the regional lymphatics via either irradiation or selective neck dissection. Because the perifacial lymph nodes can be a difficult and potentially morbid region to dissect, patients may require radiation therapy to treat the socalled moustache area in addition to the upper cervical lymphatics. With intensity-modulated radiation therapy, parotid sparing could minimize the morbidity of such elective treatment (Henry Wagner, MD, written communication, January 1, 2007) . This study is limited by several factors. First, it was restricted to the published literature, which may have caused a publication bias. Second, the studies had various lengths of posttreatment observation. This variation may be a source of bias in the estimates of RR and survival rates. Finally, our study is limited by an inability to compare tumors of similar stage owing to the previous lack of a unified staging system for nasal cavity cancers. Review of the 23 studies revealed multiple forms of detailing nasal cavity tumors. Some 9, 12, 16, 17, 22, 24 used a staging system proposed by Wang, 45 2 reported tumors according to size, 8, 25 and 1 classified tumors as "early" vs "late."
10 Despite the use of these different staging systems, the proportion of early to advanced tumors was compared qualitatively across all studies and appeared to be consistent. Although this study has weaknesses, the data obtained through this metaanalysis would be difficult to obtain in a prospective manner because of the rarity of nasal cancer.
In conclusion, our meta-analysis yielded an 18.1% RR in patients with intranasal SCC. In addition, PI may decrease the incidence of RR. Although further study is needed, we suggest that patients with intranasal SCCs that demonstrate high-risk characteristics be considered for prophylactic treatment of the neck with either surgery or radiation therapy.
